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Cetaceans are increasingly being included 

as top trophic-level predators in models 

of ecosystem dynamics (Baumgartner 

and Mate, 2003; Tynan, 2004; Redfern et 

al., 2006). Traditional visual survey meth-

ods for cetaceans detect only a fraction of 

the animals present, both because visual 

observers can see them only during the 

very short period when they are at the 

surface, and because visual surveys can be 

undertaken only during daylight hours 

in relatively good weather (Mellinger 

and Barlow, 2003). Perhaps more impor-

tantly, visual survey results can be highly 

variable, due both to clumping of ceta-

ceans into large groups and to their rela-

tively limited spatial and temporal scales. 

Surveys are typically performed using a 

small number of observation points—

one or a few vessels—for a few weeks to a 

few months of the year.

Acoustic observation may be active 

or passive. Active acoustics, in which a 

sound is transmitted and the returning 

echo analyzed, is widely used for obser-

vation of zooplankton and micronekton 

(primarily fishes, squids, and shrimp), 

as well as in fisheries research. Here, we 

describe passive acoustic observation, 

which is used more widely for cetacean 

observation. In this type of observation, 

the instrument used does not produce 

any sounds itself; it only captures sounds 

from the surrounding environment. In 

recent years, passive acoustic methods 

have become increasingly widespread for 

cetacean observation (e.g., Moore et al., 

2006). In joint visual-acoustic surveys, 

acoustic modalities have detected one 

to ten times as many cetacean groups 

as visual ones (McDonald and Moore, 

2002; Širović et al., 2004; Barlow and 

Taylor, 2005; Rankin et al., 2007), and 

acoustic observation has the additional 

advantages that it can continue at night, 

in poor weather, and under other condi-

tions in which visual observation cannot.

Another distinction in passive acous-

tic survey methods is that of fixed versus 

mobile acoustic sensors. Hydrophones 

may be towed behind a ship or affixed to 

an ocean glider or other mobile platform 

to sample a large area. Alternatively, the 

hydrophone instruments may be left in 

place for long time periods. Advantages 

of the mobile approach include large 

areal coverage and simplicity in com-

bining acoustic detection with a visual 

survey, while the principal advantages of 

the fixed approach are that observation 

usually spans a longer time period and is 

frequently less expensive.

In this article, we describe the meth-

odology of fixed passive acoustic obser-

vations, including instrumentation, 

software for detection of vocalizations, 

statistical methods, and interpretation of 

results, and then provide an example of 

the results from a fixed passive acoustic 

survey of Bransfield Strait, Antarctica, 

supported by the National Oceanic and 

Atmospheric Administration’s (NOAA’s) 

Office of Ocean Exploration.

METHODS
Fixed passive acoustic surveys require 

several steps, including survey design, 

placement and sometimes recovery of 

recording instruments, extraction of 

vocalizations of interest from recorded 

data, statistical analysis of vocalizations, 

and interpretation of the results.

Instrumentation
Two types of passive acoustic equip-

ment are used widely for capturing 

sound—cabled hydrophones and auton-

omous recorders. Cabled hydrophones 

are typically deployed in permanent or 

semi-permanent installations. Because of 

the expense of cabled systems, they are 

in widespread use mainly by navies or 

other governmental agencies; examples 

include the Sound Surveillance System 

of the US Navy; the hydrophone arrays 

on US Navy test ranges in the Bahamas, 

southern California, and Hawaii; and the 

hydrophones of the Comprehensive Test 

Ban Treaty Organization. The benefits 

of these systems for scientific research 

are that they provide data continuously 

in near-real time (so that rapid response 

to unusual events is possible), they have 

hydrophones in pelagic areas where 

marine mammal surveys are otherwise 

rare, and their operation and mainte-

nance is funded by external sources. 

However, these systems typically have 

access restrictions because of their mili-

tary or sensitive nature, so that the data 

In recent years ,  passive acoustic methods 
    have become increasingly widespread 
  for cetacean observation.
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are not easily accessible. Further, the 

recording bandwidth is often restricted 

to fairly low frequencies due to the 

nature of the signals for which they were 

designed. Cabled systems operated by 

nongovernmental organizations often 

consist of one or a few hydrophones 

placed within several kilometers of shore. 

Their data are more openly accessible 

but typically cover only relatively small 

shelf areas. The advent of cabled ocean 

observatories (e.g., Barnes et al., 2007; 

ORION Program Office, 2007) promises 

to extend the capabilities of such non-

military systems to larger offshore areas.

Autonomous recorders consist of 

a hydrophone and a battery-powered 

data-recording system. These instru-

ments are moored on the seafloor, some-

times with a cable and flotation to buoy 

the hydrophone sensor up in the water 

column (e.g., at the depth of the deep 

sound channel) for periods of up to two 

years. Depending on the instrument 

configuration and deployment duration, 

sound capture happens either continu-

ously or according to a sampling plan. 

Autonomous hydrophones are typically 

deployed in arrays of three to ten instru-

ments to provide areal coverage and to 

allow for localization of sound sources. 

A number of laboratories have designed 

and used such instruments since the 

mid-1990s (Calupca et al., 2000; Fox et 

al., 2001; Wiggins, 2003; Lammers et al., 

in press), and more recently a commer-

cial version has become available (http://

www.totalsat.qc.ca/mte/aural_en.htm). 

These instruments store acoustic data 

internally, so they must be recovered 

before data analysis can begin.

In addition to the widely used cabled 

hydrophones and autonomous recorders, 

radio-linked hydrophones are occasion-

ally used for marine mammal acoustic 

surveys. These combine a hydrophone 

sensor on a mooring (Clark et al., 2007) 

or on shore-fast ice (Clark et al., 1996) 

with a radio link to a shore station or 

ship (e.g., Rankin et al., 2005). As with 

cabled systems, data are captured con-

tinuously in real time.

A final variant consists of using 

marine mammals themselves as plat-

forms for acoustic sensors. By miniatur-

izing the sensor and electronics package 

to fit into an attachable tag, the instru-

ment can record acoustic data from 

areas where the animal itself is exposed. 

Such tags have been deployed on larger 

marine mammals, including elephant 

seals (Mirounga angustirostris; Fletcher 

et al., 1996; Burgess et al., 1998) and sev-

eral species of mysticete and odontocete 

whales (Madsen et al., 2002; Johnson 

and Tyack, 2003).

A key difference in choice of instru-

mentation is whether hydrophones are 

deployed in isolation from one another, 

in distributed small-area arrays for local-

ization, or in large coherent arrays to 

allow beamforming. When several single 

sensors are placed tens to hundreds of 

kilometers apart, they are usually too far 

apart to detect an individual animal on 

multiple instruments, so this configura-

tion may be considered to be multiple 

isolated instruments. When instruments 

are placed closely enough that three or 

more can detect a vocalizing animal, 

then the animal can be located using 

time-of-arrival differences; localiza-

tion of successive vocalizations allows 

the individual to be tracked as it moves 

(Clark et al., 1996). When approximately 

10 or more hydrophones are deployed 

in a tightly spaced array, a sound wave 

from an animal arrives coherently at all 

of the hydrophones, allowing beamform-

ing techniques to be used (Johnson and 
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Dudgeon, 1993; Stafford et al., 1998). 

Beamforming increases the signal-to-

noise ratio (SNR) of sound arriving 

from certain directions such that an 

N-element hydrophone array provides 

an “array gain” of approximately N in 

SNR, equivalent to an increase in acous-

tic detection area of approximately N.

Behavioral Considerations
Some species are more amenable to 

accurate acoustic surveys than others. 

Species-specific factors influencing fixed 

passive acoustic surveys include these:
• Frequency. Sounds below 1 kHz have 

significantly less seawater absorp-

tion loss than sounds above 10 kHz 

(François and Garrison, 1982), and 

thus can be detected at greater dis-

tances. The former frequencies are 

typical of mysticetes, while the latter 

are typical of odontocetes. Figure 1 

shows the frequency ranges of cetacean 

vocalizations.
• Vocal behavior. Some cetaceans vocal-

ize more frequently or more con-

sistently than others, making them 

better subjects for acoustic surveys. 

Vocalizing behavior varies with gender, 

age, and season. For instance, adult 

males of many baleen whale species 

vocalize regularly and loudly during 

the breeding season.
• Source level. The larger cetaceans, 

including mysticete whales and sperm 

whales, produce intense vocalizations 

that can be detected at distances of 

several tens of kilometers on a single 

hydrophone (Barlow and Taylor, 2005; 

Stafford et al., in press) and much far-

ther—hundreds of kilometers—on 

hydrophone arrays (Clark, 1995). For 

instance, blue whale (Balaenoptera 

musculus) tonal calls have been mea-

sured over 185 dB RMS re 1 µPa @ 

1 m (Cummings and Thompson, 

1971; McDonald et al., 2001; Thode 

et al., 2000; Širović et al., 2007), while 

on-axis sperm whale clicks have been 

measured at instantaneous levels up to 

223 dB re 1 µPa peak equivalent RMS 

@ 1 m (Møhl et al., 2000). In contrast, 

bottlenose dolphin (Tursiops trunca-

tus) tonal sounds (whistles) have been 

measured at source levels up to 169 dB 

re 1 µPa RMS @ 1 m (Janik, 2000), 

blue whale
fin whale
gray whale
Bryde’s whale
right whales
pygmy right whale
minke whale
bowhead whale
humpback whale
sei whale
true dolphins, including....
    Cephalorhynchinae
    Globicephalinae
    Delphininae
    Steninae*
beaked whales*
river dolphins
narwhal, beluga

a. Frequencies of cetacean moans and whistles
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sperm whale
beaked whales
true dolphins, including....

        Lissodelphinae*
        Delphininae
        Globicephalinae
        Cephalorhynchinae

river dolphins
narwhal, beluga
porpoises
pygmy sperm whale

Frequency (Hz)

b. Frequencies of cetacean clicks
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Frequency (Hz)

Figure 1. Known frequency ranges of cetacean sounds. Large whales are listed by species, while 
toothed whales are grouped into families. !e thick bar shows the range of the most common 
types of vocalizations, while the thinner line shows recorded extremes of frequency. An aster-
isk (*) indicates that the upper frequency is unknown because of recording equipment limita-
tions. (a) Tonal sounds—moans and whistles—with most baleen whale species shown separately. 
(b) Echolocation clicks. Baleen whales do not produce high-frequency echolocation clicks, while 
some toothed whales, dolphins, and porpoises do not produce tonal sounds.
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while their clicks have been measured 

at 210–213 dB re 1 µPa RMS @ 1 m 

(Au et al., 1986).
• Directionality. High-frequency click 

sounds of some odontocetes are highly 

directional. For instance, the direction-

ality index for bottlenose dolphins is 

at least 26 dB (Au, 1993), and sperm 

whale sound emission is at least 35 dB 

louder in some directions than oth-

ers (Møhl et al., 2000). In contrast, 

low-frequency baleen whale sounds 

are believed to be emitted essentially 

omnidirectionally, in part because the 

long wavelengths make directional 

sound emission all but impossible.

Detection of Vocalizations
Vocalizations of a target species can be 

detected manually, with specialists listen-

ing to sounds and/or looking at spec-

trograms to find occurrences of these 

species’ vocalizations (Clark et al., 1996; 

Stafford et al., 1999, 2001). The volumes 

of data involved, however, more often 

dictate using automatic detection.

Many methods for detection and 

classification have been developed and 

tested. Most are based on detection 

either in a time series or in a spectro-

gram, though other methods like wave-

lets are used as well. Techniques involved 

include matched filters (Stafford, 1995), 

energy summation in a certain band 

followed by statistical classification 

(Fristrup and Watkins, 1994; Oswald 

et al., 2004), image-processing tech-

niques in spectrograms (Gillespie, 2004), 

spectrogram-based template match-

ing (Mellinger and Clark, 2000), neural 

networks (Potter et al., 1994), wavelet-

based decomposition (Lopatka et al., 

2005), band-limited amplitude in either 

the time series (Gillespie and Chappell, 

2002) or spectrogram (Mellinger et al., 

2004a), and many more.

Whatever the method used, two issues 

are paramount. The first is determin-

ing the type(s) of vocalizations to be 

detected and the amount of variability in 

these vocalizations. Some species, such as 

populations of fin whales (B. physalus), 

have highly stereotyped vocalizations. 

These are amenable to detection using 

one of the template-matching methods 

mentioned above. Other species, such as 

common dolphins (Delphinus delphis), 

produce highly variable tonal sounds 

(Oswald et al., 2004). These typically 

require band-limited energy summation 

for detection, possibly followed by sta-

tistical classification techniques for spe-

cies classification. Other species produce 

sounds with intermediate levels of vari-

ability that can be detected using neural 

networks (Potter et al., 1994) and filter 

banks (Urazghildiiev and Clark, 2006).

The second issue is the desired accu-

racy of detection. In a perfect world, 

a detection method would find all 

instances of a certain call type, and 

nothing more. This ideal is never met, 

in part because there are inevitably 

faint calls that are difficult to classify, 

even by the best human specialists. The 

issue then becomes one of configuring 

the detector’s sensitivity, or threshold, 

to achieve a certain trade-off between 

missed calls (false negatives) and wrong 

detections (false positives). For a survey 

of a relatively rare species such as right 

whales (Eubalaena spp.), for which one 

wishes to miss no calls, detection can be 

configured at a relatively sensitive level 

so that there are no or few missed calls 

but a large number of false detections; 

the resulting detections can be checked 

manually to determine which really were 

from the desired species (Mellinger et 

al., 2004b; Munger et al., 2005). For a 

survey of a common species such as fin 

whales, for which determining an accu-

rate index of call occurrence is para-

mount, detection can be configured to 

be relatively insensitive, so that there are 

few wrong detections and a very high 

proportion of correct detections. For a 

survey using the cue-counting statisti-

cal methods discussed below, it may 

be important to have the number of 

missed calls be as equal as possible to 

the number of false detections, so an 

intermediate sensitivity is used.

APPLICATIONS AND 
ANALYTICAL METHODS 
Determining Range and 
Seasonality
Acoustic surveys have been used many 

times to measure the range and seasonal 

occurrence of cetaceans. One advan-

tage of fixed passive acoustic methods is 

that they can be performed year round 

at relatively low cost (e.g., Thompson 

and Freidl, 1982). Also, they can be car-

ried out in remote areas that are difficult 

to survey other ways, such as far from 

land (Clark, 1995; Stafford et al., 1999; 

Nieukirk et al., 2004), polar regions 

(Širović et al., 2004, 2007; Munger et 

al., 2005; Moore et al., 2006; Stafford et 

al., 2007; and see “An Example Survey” 

below), or where weather is poor, and 

visual surveys impossible, in some sea-

sons (Mellinger et al., 2007).

In such studies, the number of vocal-

izations in each time period (e.g., each 

day, each month, each ten-day period) is 

counted, providing a rough indication of 

the number of animals in an area (e.g., 

Širović et al., 2004). Another method is 

to measure the amount of energy in the 
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frequency band of the vocalization type, 

correct it for background noise level, and 

use that as an indication of the number 

of calls (e.g., Burtenshaw et al., 2004). 

Unfortunately, the connection between 

the number of vocalizations and the 

number of animals is tenuous at best; 

sometimes a single animal produces 

a rapid sequence of vocalizations in a 

short time, sometimes only an occasional 

sound. To correct for these behavioral 

differences, many studies have assessed 

the number of hours (or number of 

days) that contain at least one vocaliza-

tion; this method greatly reduces the 

bias of a rapidly vocalizing individual, 

because one vocalization in a given time 

period has as much weight as many in 

that period. However, this method also 

effectively ignores multiple individuals 

vocalizing in the same time period, so it 

is better suited for surveys of relatively 

rare species, such as blue or right whales, 

than relatively common ones, such as fin 

whales or common dolphins. In any case, 

these methods provide at best an index 

of occurrence, and are perhaps best 

employed to determine when through-

out the year a given species is present in 

an area (see, e.g., Clark, 1995; Mellinger 

et al., 2004a, 2004b; Munger et al., 2005).

Abundance
Using a set of detected vocalizations to 

estimate the abundance of a species in a 

given area may be done in several ways. 

One is to derive the probability of detec-

tion as a function of range. This prob-

ability density function (PDF) may then 

be inverted using point-transect statis-

tical methods (Buckland et al., 2001), 

which essentially extrapolate from the 

number of animals detected near the 

sensor to the number of animals pres-

ent and vocalizing in some larger area. 

The PDF can be estimated either by 

(1) acoustically locating the animals, 

such as recordings from multiple hydro-

phones and using time-of-arrival differ-

ences to estimate position (Cummings 

et al., 1964), (2) estimating range to 

a vocal animal using acoustic mul-

tipath propagation effects (Cato, 1998; 

McDonald and Fox, 1999; McDonald 

and Moore, 2002; Širović et al., 2007), 

or (3) using acoustic propagation mod-

els and distributions of source levels 

to estimate range from received lev-

els (Cato, 1991). Point-transect sam-

pling requires behavioral information 

on rates of animal movement through 

the monitored area to avoid double 

counting of individuals.

Nearly all of these methods require 

acoustic estimation of group size, a field 

of study still in its infancy. Although 

many species have different vocal behav-

ior in the presence of different numbers 

of conspecifics (e.g., Parks et al., 2005), 

the relationship between vocal behavior 

and group size is rarely hard and fast, 

and the consequent errors in abundance 

estimates can be large.

A second general approach relies on 

cue-counting statistical techniques. Here 

the total number of vocalizations—

“cues”—is combined with an estimate of 

the average cue rate per animal per unit 

time to estimate the number of animals 

detected (Buckland et al., 2001). This 

figure is then extrapolated to estimate 

the number of animals in the study area. 

This method requires detailed behavioral 

information on the rate of cue produc-

tion, and for most species little informa-

tion is available.

To estimate density or abundance in 

a given area using fixed instruments, 

instrument positions should be chosen 

without any bias toward any part of the 

area. This can be done by random posi-

tioning of individual instruments or by 

positioning a regular grid of instruments 

with a randomly chosen origin.

Another approach is to perform joint 

visual and acoustic surveys, then com-

bine the results statistically to achieve 

a better estimate than is possible for 

either method alone (Fristrup and Clark, 

1997). Notably, this has been done for 

migrating bowhead whales, for which 

the visual observers count silent whales 

and the acoustic observers determine 

the proportion of unseen whales (Clark 

et al., 1996; Raftery and Zeh, 1998). 

Another example comes from a survey 

of sperm whale abundance in the east-

. . .there are sti l l  numerous hurdles to be 
   overcome before acoustic methods can be 
reliably used to estimate abundance, which 
   is  the ultimate goal for both ecosystem 
 studies and management purposes . 
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ern Pacific, for which the visual com-

ponent of the survey performed best at 

estimating group size, while the acoustic 

component performed best at detecting 

groups (Barlow and Taylor, 2005).

An additional use of acoustic moni-

toring in joint surveys is acoustic species 

identification (Oswald et al., 2003). This 

becomes useful when shipboard surveys 

target species that are difficult to identify 

visually at a distance. This method has 

been used on eastern tropical Pacific dol-

phin abundance cruises where dolphin 

pods often show ship avoidance at dis-

tances greater than those at which they 

can be reliably identified using visual 

cues. The ability to use acoustic char-

acteristics to determine species/species 

composition may determine whether or 

not the ship turns towards the target spe-

cies or continues along its track to search 

for that species (Oswald et al., 2007). 

AN EXAMPLE SURVEY
In November 2005, with support from 

NOAA’s Office of Ocean Exploration, six 

autonomous hydrophones were deployed 

in the Bransfield Strait near the Antarctic 

Peninsula and one in the Drake Passage 

to monitor seismicity and large whale 

occurrence around the South Shetland 

Islands (Figure 2). The bottom-anchored 

moorings placed the instruments in the 

sound channel. Six of the seven instru-

ments recorded acoustic data from 

0.1–110 Hz and the seventh sampled 

from 0.1–840 Hz. Although the band-

width of the first six instruments was 

sufficient to record blue and fin whale 

calls, the seventh was set to record other 

species known to occur in the area, such 

as humpback (Megaptera novaeangliae) 

and right whales. The instruments were 

recovered and redeployed in the same 

area in December 2006. 

A cursory review of spectrograms 

revealed known signature calls of blue, 

fin, and humpback whales as well as 

earthquakes and ice noise. To assess 

the seasonal presence of Antarctic blue 

whales, data were automatically scanned 

by use of a spectrogram correlation 

routine (Mellinger and Clark, 2000) to 

detect their characteristic 28-Hz calls. In 

order to minimize false detections, the 

detection threshold was set sufficiently 

high that only these calls were detected. 

Figure 3 shows the seasonal occurrence 

of blue whales recorded by the Drake 

Passage hydrophone. This type of analy-

sis provides information on the sea-

sonal and geographic patterns of calling 

whales but cannot provide reliable esti-

mates of the number of animals present 

beyond a minimum of animals vocal-

izing at the same time. Nevertheless, in 

remote regions, this method can provide 

useful, novel information on species 

occurrence that can be achieved with a 

few, widely spaced instruments.

To better estimate the number of 

vocal animals of a particular species in 

a region, the ability to track the animals 

is required. This method provides esti-

mates of the vocal behavior of individu-

als as well as an idea of how many other 

vocal animals are present at the same 

time (e.g., Širović et al., 2007). To do 

this requires a minimum of three, and 

ideally four, instruments spaced closely 

enough that the same call is recorded on 

all of them but widely enough that ani-

mals may be located within a broad area. 

The six instruments in the Bransfield 

Strait region fit these requirements for 

South
America

Antarctic
Peninsula

Drake Passage

Bransfield Strait

Figure 2. !e study area off the Antarctic Peninsula. Black 
dots represent sites of autonomous hydrophone instruments.
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both blue and fin whales. A 15-hour 

track from a single vocalizing blue 

whale shows movement from the north-

east to the southwest in the array on 

February 22, 2006 (Figure 4).

These are only two examples of how a 

long-term multi-instrument data set can 

be exploited. Other possibilities include 

comparing acoustic data with ice cover 

to determine if the latter appears to 

influence the former. Multiyear acoustic 

monitoring can provide information on 

interannual and interseasonal patterns in 

call reception of all vocal species. These 

patterns may then be correlated with 

long-term measurements of physical and 

lower-trophic parameters to gain a better 

understanding of the factors affecting, 

and affected by, cetaceans.

DISCUSSION
Passive acoustic methods have been 

increasingly employed both as stand-

alone surveys and in conjunction with 

visual surveys. Their utility has become 

clear over the past decade, and many 

cetacean surveys now include some 

acoustic component. However, despite 

the proliferation of such surveys, there 

are still numerous hurdles to be over-

come before acoustic methods can be 

reliably used to estimate abundance, 

which is the ultimate goal for both eco-

system studies and management pur-

poses. Perhaps the biggest hurdle is a 

general lack of understanding of the 

behavioral context of sound produc-

tion for many species, compounded 

by interspecies differences in acoustic 

behavior. For instance, odontocetes tend 

to be highly vocal compared to baleen 

whales; however, because their vocaliza-

tions are higher in frequency than those 

of most baleen whales, they are detected 

at shorter distances. Therefore, assess-

ment modalities may need to be tailored 

for individual species or suites of spe-

cies. One way to alleviate this problem 

is to develop statistical models similar 

to those employed for visual surveys to 

account for variability in sound produc-

tion and reception distance. Required 

information includes distribution curves 

for seasonal, sex, and age-class bias in 

sound production, frequency range of 

species-specific sound characteristics, 

and source sound level variation.

There is a need to standardize meth-

ods among different projects. For exam-

ple, recordings of blue whales around 
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Seasonal occurrence of blue whale vocalizations

Figure 3. Seasonal occurrence of blue whale vocalizations at the southwestern hydro-
phone site. Blue whale calls occur in the largest numbers late in the austral autumn 
(April–May).

Figure 4. Track of a single blue whale moving through the study area. Whale calls were repeatedly 
located by time-of-arrival differences at the hydrophones; tracking was possible because it was the 
only vocalizing blue whale in the area.
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the Antarctic have been made from 

near-bottom hydrophones (Širović et al., 

2004, 2007), near-surface sonobuoys 

(Rankin et al., 2005), and autonomous 

hydrophones moored in the deep sound 

channel (discussed in this article). A 

comparison of data from these projects 

would require standardizing among 

them, a procedure that would necessar-

ily rely on understanding the acoustic 

propagation environment in which the 

sounds travel from source to receiver.

The Acoustical Society of America 

has recently convened a working group 

to develop standards for hardware and 

software for marine mammal moni-

toring during seismic surveys. At pres-

ent, only recommendations have been 

made, but these include the need to 

define necessary metadata and data 

needed while at sea, the metrics needed 

to quantify raw acoustic data, and infor-

mation that should be reported in the 

open literature (Aaron Thode, Scripps 

Institution of Oceanography, pers. comm., 

December 2006).

The use of passive acoustics world-

wide, coupled with effective standard-

ization and development of statistical 

methods for estimating populations 

acoustically, should result in more and 

better data on cetacean species and pop-

ulations and should ultimately lead to 

increased understanding of their role in 

marine ecosystems. 
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